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Abstract 
This work focuses on an increase in the effectiveness for straight double pipe heat exchanger 
through curving the pipe through 180
o
. The geometry, mesh and boundary conditions are built up using 
solid works program. The proposed model of the curved pipe heat exchanger is subjected to different 
boundary conditions, according to inlet tube mass flow rate and inlet shell temperature. The simulated 
results confirmed that the effectiveness of the curved pipe heat exchanger is higher than straight pipe 
heat exchanger because the curvature of the pipe gives a longer time to exchange heat between hot and 
cold fluids. For fixed inlet tube mass flow rate and inlet shell temperature, the increase in the 
effectiveness of curved pipe is 14.86% compared to straight pipe at 357 K. The maximum effectiveness 
reached 13.75% at 363 K for curved heat exchanger with 0.22 kg/s inlet tube mass flow rate and fixed 
inlet shell temperature while it was 12.15% at 363 K for the straight pipe heat exchanger. 
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Nomenclature 
Symbol Definition 
G Gravitational component of acceleration 
h Thermal enthalpy 
QH Heat source /sink per volume heat flux 
Si Distributed external force per unit mass 
U 
ρ 
  
Velocity of fluid 
Density of fluid 
Effectiveness 
 
1. Introduction  
Heat exchangers are equipments that are usually utilized to exchange heat 
between two working fluids at various temperatures. Such important components are 
classified into different grades in engineering applications. The bulky industries, such 
as chemical, power,and automotive, passing by the highly technique ones such as 
electronics as well as the production of refrigeration and air conditioning systems,  
etc. In the recent years, massive research efforts have been investigated to boost the 
performance of heat exchangers (Nawras et.al., 2012 ; Usman, 2011). The aim of heat 
transfer improvement catches the aspects of size, cost and enhance the heat duty for a 
given size heat exchanger. 
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Several different techniques have been suggested to enhance heat transfer 
surfaces for the following purposes (Brien et.al., 1982 ; Wang et.al., 1995 ; Chinna 
et.al., 2014): 
 
(1) Reducing the overall volume by making campact heat exchangers.  
(2) Power consumption which must be minimized for a certain heat transfer process.  
(3) Boosting the heat transfer coefficient which can be done either by increasing the 
rate of heat transfer with constant inlet fluid temperature or increasing the 
efficiency of thermodynamic processes by reducing the mean temperature 
difference, hence the operating costs is saved. 
Some of the available literature works has been mentinoned below; 
(Adelaja et.al., 2012) investigated the mechanical and thermal design of shell 
and tube heat exchanger with the help of computer coding. It includes developing a 
simple code for the heat transfer calculations and ensures that ensure that time of 
computational is minimized. The algorithm is designed in such a way that after the 
satisfaction of the thermal analysis, the program proceeds to the mechanical design 
automatically. The pressure drop as well as the heat transfer coefficient is well 
evaluated  
(Yusuf et.al., 2004) designed a computer model of shell and tube heat 
exchangers with the single phase flow. The program calculates the overall dimensions 
of the shell and optimum surface area required to catch the specified heat transfer 
work by calculating the pressure drop in the shell side. The study suggests putting the 
stream with a fewer mass flow rate on the shell side.  
     (Noie B. et.al., 1999) studied theoretical and experimental methods to 
analysis the thermal behavior of the shell-side flow of a heat exchanger. The effect of 
various geometric parameters and Reynolds number on the thermal exchange of 
energy in the flow of shell-side. The results reported alternative variation in the heat 
profiles between the baffles. 
(Vindhya et.al., 2014) achieved a simplified design of shell and tube type heat 
exchanger using kern’s method to cool down the water temperature from 55 C  to 45 
C. The design is verified with a thermal analysis of steady flow using ANSYS 14.  
 (Joshi et.al., 1987) developed a model to study the coefficient of heat transfer 
as well as the friction factor of the fin surface geometry. Visualization experiments 
are conducted  to analyze the transition of flow from laminar to turbulent.  
(Saidi et.al., 2001)  investigated a computational study of the instantaneous flow 
and heat transfer in Offset-Strip Fin (OSF) geometries in oscillatory flow. The impact 
of vortices over the fin surfaces on the heat transfer was analysed at different 
Reynolds numbers where the flow is laminar, where the vortex shedding and 
unsteadiness are dominating The results are validated with previous work available in 
the open literature conducted by (Dejong et.al., 1998).            
 (Michna et.al., 2005) conducted an experiment to investigate the impact of 
increasing Reynolds number on the OSFs performance. It is observed that increasing 
Reynolds number, pressure drop and heat transfer are enhanced, due to the effect of 
eddy formation as well as vortex shedding and within the turbulent regime. The 
operation of OSF heat exchangers under higher Reynolds number is useful in systems 
where minimizing the size of heat exchanger or maximizing the coefficient of heat 
transfer is important than minimizing the pressure drop.        
In this paper a model has been made to enhance the effectiveness of straight, 
double pipe heat exchanger by using curving technique. The model is built and solved 
using Soildworks. The pipe is curved with 180 degrees. Water is considered to be the 
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working fluid in the cold and hot pipes with a constant specific heat. The parallel flow 
is considered to be steady, uniform and phase change doesn’t occur.  
 
2. Mathematical Background  
The conservation equations of mass, angular momentum, and energy govern the 
flow of the fluid in the straight and curved pipes.  It can be written as follows (Mario , 
2015): 
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3. CFD Analysis 
The CFD Analysis applies various numerical schemes in addition to algorithms 
to solve and analyze problems that include fluid flow. The surface of  interaction with 
fluid, has to be simulated by applying the initial and boundary conditions which are 
done using Solid works (Mario , 2015) 
3.1 Geometry 
The straight and curved pipes are built in the Solidworks workbench design 
module. Figure 1 and 2 display the geometry and dimensions of straight and proposed 
(curved) heat exchanger respectively. 
 
 
 
 
 
 
 
 
 
  
 
 
 
 
Figure 1 geometry of straight, double pipe      Figure 2 geometry of bend double pipe 
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3.2 Mesh Generation  
The mesh in the simulation of flow has a rectangular section any wherein the 
domain. The sides of mesh cells have met the system of Cartesian coordinate 
orthogonally. Nevertheless, because of special measures, the heat flux as well as mass 
is treated in a proper way in such cells and called partial. The right view mesh for the 
straight and bend heat exchangers are shown in figures 3 and 4 respectively. The 
detailed computational mesh for both pipes are described in Table (1) 
 
 
 
 
Figure 3 Right view of straight pipe mesh  
 
 
 
 
Figure 4 Right view of  curved pipe mesh 
 
Table (1) Number of cells in the computational mesh 
 
Type of heat exchanger No of Fluid cells No. of solid cells No. of partial cells 
Straight pipe 14525 13418 33833 
Curved pipe 11330 13459 31960 
 
3.3Boundary Conditions  
The boundary conditions depend on the model requirements. Table (2) presents 
the boundary conditions used in this work 
 
Table (2) Model Boundary Conditions 
Boundary condition 
Case1 
Straight pipe 
(tube) 
Straight pipe 
(shell) 
Curved pipe (tube) Curved pipe 
(shell) 
Inlet mass flow rate 0.2 kg/s 0.8 kg/s 0.2 kg/s 0.8 kg/s 
Inlet temperature 343 K-361 K 283 K 343-361 K 283 K 
Inlet Pressure 101325 pa 101325 pa 101325 pa 101325 pa 
Exit Pressure 101325 pa 101325 pa 101325 pa 101325 pa 
Boundary condition 
Case2 
    
Inlet mass flow rate 0.22 kg/s 0.8 kg/s 0.2 kg/s 0.8 kg/s 
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Inlet temperature 343 K-365 K 283 K 343-361 K 283 K 
Inlet Pressure 101325 pa 101325 pa 101325 pa 101325 pa 
Exit Pressure 101325 pa 101325 pa 101325 pa 101325 pa 
Boundary condition 
Case3 
    
Inlet mass flow rate 0.2 kg/s 0.8 kg/s 0.2 kg/s 0.8 kg/s 
Inlet temperature 343 K-361 K 293 K 343-361 K 293 K 
Inlet Pressure 101325 pa 101325 pa 101325 pa 101325 pa 
Exit Pressure 101325 pa 101325 pa 101325 pa 101325 pa 
 
4. Results and Discussion 
After checking the mesh quality and applying the boundary conditions, then the 
solution is started with a nice convergence after (4212) iteration. Some of the various 
contours, vectors and x-y plot of the straight and curved pipe are presented in this 
section. Many cases are tested in the software, but only three cases are chosen and 
discussed over here as in theses cases a dramatic change is observed in the 
effectiveness of the heat exchanger pipes. 
Case 1 represents fixed inlet shell temperature (283 K) and fixed mass flow rate 
of tube (0.22 kg/s). The inlet shell mass flow rate is kept constant through all cases 
under investigation (0.8 kg/s). Figure 5 and 6 display the contours of tube 
temperatures for straight and curved pipe heat exchanger respectively. The hot tube 
temperature enters with 343K and exits with 336 K in case of straight pipe while it 
exists with 331 K in case of curved pipe. It can be observed that through curving the 
pipe the hot water tube  gets a better cooling than straight pipe, as the hot tube fluid 
takes a longer time because of curvature to cool compared to the straight pipe heat 
exchanger.  
Case 2 can be noted in figures 7 and 8, which represents a 10% increase in the 
flow rate of hot tube (0.22 kg/s) and constant shell tube temperature (283 K). Even the 
flow rate of the inner tube is increased, but the results reported an enhancement in the 
effectiveness of the curved pipe heat exchanger comparatively with ordinary straight 
pipe heat exchanger. Both figures show a gradual decrease in the hot tube 
temperature. For the original straight heat exchanger the hot tube temperature was 
around 340 K in the mid section of the pipe and 335 K at the outlet while it was 337 K 
in the mid section and 334 K at the outlet of the curved heat exchanger.  
Case 3 represents the increase in the inlet shell tube temperature by 10 % (293 
K). Figures 9 and 10 show the cut plot temperature contours for straight and curved 
heat exchanger pipes. As compared to the standard double heat exchanger pipe 
(straight), the curved pipe had a better reduction in the hot tub temperature due the 
enhanced heat transfer characteristics cause by curved the pipe which directly 
responsible for the boosted effectiveness, as the hot fluid will have enough time to 
exchange heat with the cooled fluid (shell). 
The effectiveness verse inlet tube temperature for straight and curved double 
pipe heat exchangers are graphed and discussed in the three cases under study. Case 1 
is displaced in figure 11. As the inlet tube temperature increased, the effectiveness 
increased for both types of heat exchangers. The curved pipe has higher effectiveness 
as compared to ordinary straight pipe heat exchanger. The results reported  maximum 
effectiveness at 357 K inlet tube temperature is 14.58% for the curved pipe heat 
exchanger, while It was 12.68% in the case of the straight pipe heat exchanger, hence 
an increase in the effectiveness by 14.67% is gained while using the suggested curved 
pipe heat exchanger. Beyond 375 K, the effectiveness started to decrease in both types 
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of heat exchangers. The message from this point says “ the heat exchangers can work 
effectively up to 375K”. 
Figure 12 shows case 2 where additional flow rate is inducted to the inlet hot 
tube. The effectiveness follows the same scenario as observed in figure 11. The 
percentage of increase in the effectiveness of the curved pipe heat exchanger is 
11.36% compared with standard double pipe heat exchanger pipe. The range of 
operation starts with 343 K and allowed up   
to 365 K as beyond that a reduction in the effectiveness is recorded in the two 
types of heat exchanger under study. 
The last case is presented in figure 13 where the inlet shell temperature 
increased from 283 K to 293 K. The maximum increase in the effectiveness was 
noticed at 373 K where it was 15.15% in curved heat exchanger while it was  13.75% 
for the original straight pipe heat exchanger. 
 
5. Conclusions  
 
The main conclusions from the present work are shown below: 
1. Using Soildworks is an interesting tool to simulate the flow in the heat exchanger 
efficiently. 
2.  Curving the pipe of the heat exchanger by 180 degrees is a promising technique to 
boost the effectiveness of the heat exchanger.  
3. For fixed inlet tube mass flow rate and inlet shell temperature,  the increase in the 
effectiveness of curved pipe is 14.86% compared to straight pipe at 357 K. 
4. The maximum effectiveness reached 13.75% at 363 K for curved heat exchanger 
with 0.22 kg/s inlet tube mass flow rate and fixed inlet shell temperature while it 
was 12.15% at 363 K for the straight pipe heat exchanger. 
5. The maximum effectiveness reached 15.15% at 373 K for curved heat exchanger 
with a 10 % increase in the inlet shell temperature while it was 13.95% at 373 K 
for the straight pipe heat exchanger. 
6. Case 3 is the best compromise case which gives better heat exchanger performance 
as well as larger temperature operation ranged from 343K to 373K  
 
Figure 5   Straight pipe tube temperature cut plot case1 
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Figure 6 Curved pipe tube temperatures cut plot case1 
 
 
 
 
Figure 7 Straight pipe tube temperatures cut plot case 2 
 
 
Figure 8 Curved pipe tube temperatures cut plot case2 
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Figure 9 Straight pipe tube temperatures cut plot case 3 
 
 
 
 Figure 10 curved pipe tube temperatures cut plot case 3 
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Figure 11 Effectiveness v/s inlet tube temperature –case1 
 
 
 
 
Figure 12 Effectiveness v/s inlet tube temperature-case2 
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Figure 13 Effectiveness v/s inlet tube temperature-case 3 
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